INTRODUCTION

RESULTS AND DISCUSSION
We have previously reported that c-Jun specifically interacts with the Smad corepressor TGIF in response to TGF-β signaling (19). To determine whether the TGF-β-dependent interaction of c-Jun with TGIF is physiologically relevant, we compared the effects of ectopically expressed TGIF or cJun on TGF-β/Smad2-dependent transcription responses using HepG2 cells or immortalized mouse embryonic fibroblasts (MEF3T3). We chose to focus our analysis on Xenopus mix.2 promoter as a target of Smad2 because activation of mix.2 by TGF-β requires the formation of a Smad2-Smad4-FAST1 complex that binds to a sequence promoter known as the TGF-β/activin response element Within the nucleus, the transcriptional activity of nuclear Smad complexes can also be repressed by Ski, which, like TGIF, interacts with Smad2/3 on TGF-β responsive promoters, resulting in the recruitment of N-CoR and its associated HDAC (12) (13) (14) . As a first step towards understanding the mechanism underlying the inhibitory function of c-Jun, we cotransfeted MEF3T3 cells with an expression vector encoding Ski together with the ARE-Lux reporter and FAST1. As shown in (Fig. 1C) . Surprisingly, cotransfection of cJun resulted in a ligand-independent increase in the amount of Smad2 present in Flag-Ski immunocomplexes, suggesting that c-Jun can stabilize the Smad2/Ski complex in the absence of TGF-β signaling (Fig. 1C) .
To approach the question of how c-Jun stabilizes the Smad2/Ski complex, we looked for possible interactions between c-Jun and Ski through transient transfections using COS-7 cells.
Immunoprecipitation of cell lysates from transfected cells with the anti-HA antibody directed against HA-c-Jun revealed the presence of Flag-Ski, which was absent in a control transfection in which only Flag-Ski was expressed ( Fig. 2A) . Next, we looked for a direct interaction between Ski and c-Jun. Incubation of the in vitro-transcribed and translated product of c-Jun with Ski linked to GST and expressed in bacteria showed that Ski was able to interact directly with c-Jun (Fig. 2B ).
To begin to understand the interaction of Ski and c-Jun, various Flag epitope Ski constructs were transfected into COS-7 cells and tested for interaction with cotransfeted HA-c-Jun. As shown in Fig. 3A , a Ski fragment between residues 338 and 490 was sufficient for interaction with c-Jun. is not required for the assembly of c-Jun/Ski complex. In the course of these analyses, we also characterized the domains in Ski that mediate binding to Smad2 protein, using our panel of Ski mutants with Myc-Smad2. As previously described (12, 13) , the amino terminal portion of Ski (residues 1-490) is responsible for binding to Smad2 (Fig. 3C) . Interestingly, the c-Jun-interacting region of c-Jun (338-490) failed to bind Smad2 despite efficient expression of the truncated protein ( Fig. 3C ), demonstrating that Ski contains discrete binding sites for Smad2 and c-Jun.
To ascertain for the physiological relevance of the interaction of Ski with c-Jun, we examined the effect of Ski on c-Jun-mediated transcriptional activation of an AP1-Lux reporter, which contains AP1 sites, is c-Jun responsive, and drives expression of a luciferase gene (18). This reporter had minimal basal activity in HepG2 cells but when it was cotransfeted with c-Jun, we observed a strong induction of the reporter gene (Fig. 4) . In cells cotransfected with Ski, we observed a significant repression of c-Jun-mediated transcriptional responses (Fig. 4) We also tested for interaction between endogenous Ski and c-Jun. For this, c-Jun was immunoprecipitated from Hela cells using a rabbit polyclonal c-Jun antibody, and Ski was visualized by immunoblotting with a monoclonal anti-Ski antibody. In immunoprecipitated prepared with normal antisera, no Ski was detectable (Fig. 5C ). However, in the anti-c-Jun immunoprecipitates, we could clearly detect Ski coprecipitating with c-Jun (Fig. 5C ). More importantly, TGF-β treatment prior to lysis revealed decreased association of c-Jun with Ski, consistent with our previous results in transfected cells (Fig. 5C ). Taken together, these results demonstrate that c-Jun can physiologically interact with Ski and further suggest that TGF-β signaling induces dissociation of c-Jun/Ski complexes.
To further confirm the in vivo association between Ski and c-Jun, we then examined the subcellular localization of Ski and c-Jun in transfected COS-7 cells using laser confocal microscopy. In cells expressing c-Ski alone, the Ski immunoreactivity was dispersed throughout the cell (Fig. 5D ), consistent with published results (27) . Surprisingly, when c-Ski was coexpressed together with c-Jun, Ski was found predominantly in the nucleus and was extensively colocalized with c-Jun, suggesting that c-Jun expression leads to the import of Ski to the nucleus (Fig. 5D ). As be detected (Fig. 6) . However, in cells treated with TGF-β, we observed a decrease in the amount of Ski that coprecipitated with c-Jun, consistent with our previous results (Fig. 5A , 5B, 5C).
Interestingly, in cells coexpressing the constitutively activated mutants of MEKK1 and MKK4, we detected a significant increase in the interaction of c-Jun with Ski even in the presence of TGF-β (Fig. 6 ). Under these experimental conditions, we found that coexpression of the dominant-negative mutants of MEKK1 and MKK4 enhances the ability of TGF-β to induce the dissociation of Ski from c-Jun (Fig. 6) . Together, these data suggest that activation of JNK cascade can stabilize the Expression levels of proteins were determined by immunoblotting aliquots of total cell lysates. 
